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Abstract: Software industry is on rise nowadays and it has become the part and parcel in the lives of human
beings. Such software when used as an application should give the customer a feeling of trustworthiness which
18 nothing but technically termed as reliability. The system should be able to perform the required functions
according to the stated conditions for a specific period of time. It is very important to maintain the reliability
of the software to keep track on the mmportant information which includes resources, capital, details of
employees, etc., software plays an equal role along with hardware and therefore the evaluation and
measurement are done equally. The most challenging task for the industry is to develop reliable software which
consumes more amount of time and expensive too. This study was performed with the purpose of estimating
the reliability based on Burr type X software reliability growth model. In this case we adopt a testing called as
reliability testing whose purpose 1s to discover the potential problems m the phases of development like design
as soon as possible and ultimately provide the belief that the system meets its reliability requirements.
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INTRODUCTION

Rehability 1s the system’s ability to perform required
functioning under stated conditions for some specified
time period (Lyu, 1996, Musa et of, 1987). Various
parameters can improve the software reliability. Tt’s
umportant to mamtain the software reliability to keep track
of information details of transactions, employees, money
etc., nowadays there 13 a tremendous increase i the size
and complexity of the systems Due to which it’s becoming
very difficult to maintain the software reliability. Reliability
is related to systems safety and we use some common
methods for its analysis. Reliability focuses on the failures
caused by various threats. To improve the software
reliability various approaches can be used. It's wvery
difficult to maintain the time of development and budget
with reliability of the software. The best way to attain
software reliability to develop high quality software that
goes through all the stages of software Life cycle. We
should identify or recognize the failure rate between
hardware and software. When the component i1s
manufactured initially there will more faults but later on
they will be minimized when the faults are recognized and
rectified With the help of useful life phases few faults can
be identified.

The fault rate increases when the component
physically wears out. Its not always possible to test all
the requirements of the system. Some systems are very
expensive to test and may take years and years to observe

the faults. Some tests will require limited use of the
resources or test ranges. In that case some different
approaches for the testing can be made. Gompertz
reliability can be used to analyze the success or the failure
of the software. For software the error rate is higher at
level of integration testing. These errors can be identified
and removed at the slower rate during its operational use.
To the producer and consumer different levels of test
plans can result in different risks. Software fault prediction
1s one of the most important quality assurance activities
in the software quality engineering stream. Many of the
software  systems like those implemented in
telecommunication and medical areas require a very
high level of quality assurance. The management of
these systems necessitates an evaluating process of the
quality of software modules which can be done by
implementing software fault prediction techniques. A
project manager or members of quality assurance group
can improve the product quality by assigning necessary
budget and human resources to deal with the fault-prone
modules 1dentified by fault prediction models 1.e., software
reliability growth models.

Literature review: Burr (1942) introduced twelve different
forms of cumulative distribution functions for modeling
data. We consider the three-parameter Burr-type X
distribution (Prasad et af., 2014). It 1s typically defined in
terms of its cumulative distribution function CDF:
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where, ¢ and A are shape and scale parameters
respectively. To detect the faults m the software we have
found two sets of software failure data: Time domain data
and Interval domain data. The time domain data is
characterized by recording the individual times at which
the failure ocewrred. The mnterval domam data 1s
characterized by counting the number of failures
occurring during a fixed period.

This study proposes Burr type X primarily based
code reliability growth model with time domain data. So
here we are given with an equation where we estimate the
unknown parameters. The unknown parameters of the
model are estimated using the Maximum Likelihood (ML)
estimation technique. Reliability of a software system
using Burr type X distribution that relies on Non
Homogenous Poisson Process (NHPP) 15 conferred
through estimation procedures. In probability theory,
non-homogeneous Poisson process is a Poisson process
with rate unknown parameter such that the rate parameter
of the process is a function of time. The performance of
the SRGM is judged by its ability to suit the software
failure knowledge. However smart will a mathematical
model suitable the data is additionally being calculated.
To access the performance of the thought of SRGM,
we've applied the parameter estimation on the real
software failure datasets.

NHPP model: The Non homogeneous poisson process
based software reliability growth model for N-version
programming systems based on the non homogeneous
Poisson process. Due to continuous extraction of errors
from the software versions the people don’t consider
growth of reliability in N-version programming systems.
A debugging effort is used to remove the errors or faults
during the debugging and testing the product. New errors
and faults may be introduced instead of removing them
successfully due the complexity of the system. The new
N-VP software reliability growth model 15 established
which the multi version failures which are comecident
modeled by applying the generalized Non Homogeneous
Poisson Process (NHPP) model into N-Version
Programming (NVP) system (Teng and Pham, 2002).
The application of this new software reliability can be
illustrated by estimation of system reliability they are
provided with the s-confidence bound.

To predict the NVP systems performance and for the
evaluation of the reliability this model can be used. The N-
VP SRGM is also used for overcoming the short comes of

reliability model which is independent. The systems
reliability can be predicted much accurately than any
model which 15 independent and can also be used to
determine when the testing should be stopped. It 15 a key
question in N-VP SDLC.

There are independent and common faults. Faults
carmot be removed successfully and new faults are
introduced mnto the system while debugging process. The
system reliability cannot grow if the faults are introduced
in the debugging process which cannot be done in
function of mtensity failure. In NVP system different
faults in that system has different roles. If the faults are
common for multiple versions then they will be activated
with the same input then multiple versions will fail.
Suppose N (t) 1s known to have a Poisson probability
mass function with parameters m (t), 1.e..

P[N(t)—ﬂ—emm[;(t)] = @)

y=0,12, ..

Then, N (t) is called an NHPP. The conclusion
reached on the basis of the paper are how the data of a
particular model 1s bemng tested and which standard
method it 1s following. Various types of reliability growth
models are being tested. The software reliability growth
model assumes testing can be performed randomly or
homogeneously. With the help of some mechamsm which
1s random the data of test can be chosen from the nput
and the testing of the software can be done assuming the
conditions which are homogeneous. The number of test
runs will be conducted during the phase of testing. The
input is given in such a way that testing will be effective
and we can recognize more faults. If any failure has
occurred then many test runs will be conducted to avoid
it or to reduce it. Clusters occur when failures have a
chance to occur in group which 1s also known as cluster.

The system fails when automatically two versions of
the software fail. The mechanism of decision is perfect as
assumed and there are two categories as discussed above
that 1s common modes of failure and S-independent
modes. Due to software faults the system will fail while
execution. The failures of the software follow NHPP.
Many SRGM which are dependent on NHPP became more
successful tools i SRE, 1ie., software reliability
engineering.

The failure of the directly
proportional to the no. of remaming faults in the software
by that time. Due to software failure the effort of
debugging occurs immediately which will remove the
corresponding faults.

software rate 1s
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MATERIALS AND METHODS

Maximum likelihood estimation: One of the statistical
models used for estimating the parameters 1s known as
Maximum Likelihood Estimation (MLE).

In statistics it is a well-known estimation method. For
example 1f we want to find the heights of adult Ostrich and
1t 18 difficult for us to measure each and every individual
heights from every nook and corner of the world due to
some constraints like time, cost, etc. So, we go for normal
distribution assuming that the heights are normally
distributed with mean and variance which are unknown.
The values of mean and variance can be estimated by the
method of MLE by knowing the heights of few ostrich
which means that a sample form all the population 1s taken
and 13 estimated. Ronald Fisher proposed this theory in
between 1912 and 1922. Some failure data sets are taken
and using the derivation mentioned above we have
estimated the parameter values and calculated reliability
for each dataset:

f(Xl n!

H’W) :(n—xi)!xi!
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(1*W1 exp(—w,t; ))n_x1

3)

The mean value function of Bur type X model is
given by:

2P
m{t)= a[l - ei(tc) ] )
The Probability Density Function (PDF) of Burr XII
distribution 1s given by:

2 b-1
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The likelihood function for time domain data is given

by:
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Taking partial derivative with respect to ‘a’ and
equating it to O:
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Parameter ‘b’ is estimated using Newton raphson’s
Method, we get:
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Parameter ‘¢’ is also estimated using Newton

Raphson Method:
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RESULTS AND DISCUSSIONS
The set of software failure data analyzed here is
borrowed from software development project as published
in Pham (2003, 2006) and Asoka (2010).
CONCLUSION

The conclusions reached on the basis of the study
are how the data of a particular model 1s bemg tested
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Table 1: Estimation of parameters

Datasets  Samples a b C
IBM 15 15.00394 0.022493 0.007132
NTDS 26 26.00627 0.028927 0.008755
Xie 30 30.0024 0.011503 0.003015
SONATA 30 30.00591 0.003318 0.000912
ATand T 22 22.00148 0.011863 0.003346
Table 2: Datasets and its reliabilities

Datasets Reliability
IBM 0.99683
NTDS 0.99449
Xie 0.99878
SONATA 0.99908
AT and T 0.99919

and which standard method it is following. Various types
of reliability growth models are being tested. The software
reliability growth model assumes testing can be performed
randomly or homogeneously. With the help of some
mechanism which is random the data of test can be
chosen from the input and the testing of the software
can be done assuming the conditions which are
homogeneous. The number of test runs will be conducted
during the phase of testing. The input is given in such a
way that testing will be effective and we can recognize
more faults. If any failure has occurred then many test
runs will be conducted to avoid it or to reduce it. The
above approach 1s validated by estimating the parameters
by using different datasets.

The experiment result shows that, the AT and T
dataset got the maximum reliability value therefore AT and

T dataset is more reliable for Burr type X which is shown
inTable 1 and 2.
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